BEYOND MATURITY, exercise tolerance declines inexorably with advancing age. Central to resolving the mechanistic bases for this phenomenon is understanding the effects of aging on the O 2 transport system. This contention is based on the established and systematic age-related reduction in the maximal capacity for O 2 uptake (i.e., V O 2max ) and slowing of V O 2 kinetics at the onset of exercise (e.g., 11). Whereas it may be argued that aged individuals rarely operate at V O 2max , any physical activity invokes a V O 2 transient that is accompanied by sluggish V O 2 kinetics in this population (11; Fig. 1 In younger and/or fitter populations the compelling weight of evidence suggests that the speed of V O 2 kinetics at the onset of, for example, conventional cycling or running is not limited by muscle (or mitochondrial) O 2 delivery per se but rather by intrinsic mitochondrial dynamics (9). However, with advanced age a slowing in the dynamics of O 2 delivery may shift this balance upstream to a site proximal to the mitochondria.
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Several observations provide clues regarding the mechanisms of this age-related emergence of O 2 delivery limitation of V O 2 kinetics. These include the following. 1) Whereas mitochondrial function may decline in older individuals (4), it is preserved in excess of the capacity for O 2 delivery at least until late middle/early old age (3), during which time V O 2 kinetics are slowing progressively. 2) The demonstration by Musch and colleagues (8) that, irrespective of bulk blood flow and O 2 delivery to the exercising limbs, advanced age may incur a redistribution of O 2 delivery away from more oxidative muscle fibers. 3) At the onset of contractions capillary red blood cell flux in muscles from aged individuals may not increase as observed in their younger counterparts (5) such that the dynamic balance between O 2 delivery and V O 2 is compromised and microvascular O 2 pressures fall to extremely low levels (2), impairing blood-myocyte O 2 flux as dictated by Fick's law.
The study by Behnke and Delp (1) in this issue of the Journal of Applied Physiology builds on these observations and the demonstration that advanced age impairs the ability of arteriolar smooth muscle in skeletal muscles to relax and facilitate vasodilation (6, 12 ). Specifically, they tested the hypothesis that aging would blunt the speed of arteriolar vasodilation preferentially in oxidative muscles and that this would occur via impaired NO-mediated endothelial processes. This endeavor necessitated a unique combination of high temporal fidelity tracking of arteriolar vasodilation in isolated 9)]. Note that, in health, young individuals have relatively fast V O2 kinetics (top and bottom) and occupy a position to the right of the dashed line (bottom) in the non-O2 delivery-limited region, i.e., they are O2 delivery independent under normal circumstances. In contrast, old individuals may be subject to an O2 delivery limitation such that their V O2 kinetics become slowed by the inability of the vascular system to increase mitochondrial O2 delivery fast enough. This slowing of V O2 kinetics in old individuals is believed to be responsible, in part, for the compromised exercise tolerance symptomatic of advanced age in humans and animals. vessels from rat soleus and the red and white gastrocnemius muscles and state-of-the art modeling to extract the signatory kinetics parameters. Their finding that advanced age slowed both the flow and ACh-induced magnitude and rate of arteriolar vasodilation in the oxidative muscles (soleus and red gastrocnemius) to less than one-half that present in young adults ( Fig. 1, middle; Ref. 1 ) supports a key role for endothelium-mediated impairment of arteriolar function and thus V O 2 kinetics in aged muscle. Interestingly this age-related effect was not present when exogenous NO was applied via sodium nitroprusside, indicating that smooth muscle function remained intact. Also, the dynamics of arteriolar vasodilation to exogenous ACh, which were far slower in the low-oxidative white gastrocnemius from young animals, were not significantly impacted by the aging processes. This observation may help explain why in old vs. young animals the low-oxidative muscles receive proportionally more, and the highly oxidative muscles less, of the available blood flow and O 2 delivery than their highly oxidative counterparts (8) .
These results as summarized above help to close the loop in our understanding of the mechanistic bases for slowed V O 2 kinetics in aged individuals and explain how the site of limitation to V O 2 kinetics might shift upstream from the mitochondria (O 2 utilization) to O 2 transport and delivery (Fig. 1,  bottom) . Another important contribution of the Behnke and Delp (1) investigation is that it frames clear hypotheses to be addressed in the many disease conditions, including congestive heart failure, Type II diabetes, and chronic obstructive pulmonary disease (for review, see Ref. 10) , where the speed of V O 2 kinetics is markedly impaired and this impairment may play a deterministic role in the exercise intolerance pathognomonic to these diseases. It is also pertinent that V O 2 kinetics in aged individuals can be markedly speeded by interventions such as a single bout of prior exercise (i.e., priming) and also as a result of exercise training (11; for review see Ref. 7) . Whether these interventions speed V O 2 kinetics and improve muscle function, and thus exercise tolerance, by upregulating the dynamics of arteriolar dilation is an important question with far-reaching therapeutic possibilities that deserves to be addressed.
